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METHODS FOR QUENCHING PATHOGEN 
INACTIVATORS IN BIOLOGICAL MATERIALS 

CROSSzREFEREimiOmAIEDA^^ 
This application is a continuation of U.S. Patent Application Serial No. 
09/1 10,776, filed July 6, 1998, which claims the benefit of U.S. Provisional 
Application Serial No. 60/070,597, filed January 6, 1998, the disclosure of which is 
incorporated herein by reference. 

tppt-TNTCAL FIELD 

This application relates to methods of treating biological materials such as 
blood products, with a nucleophilic compound to quench reactive electropmhc 

compounds in the material. 

p^r.ROirND ART 

The transmission of disease by blood products and other biological materials 
remains a serious health problem. While significant advances 
screening and blood testing have occurred, viruses such as hepatms B (HBV) 
hepatitis C (HCV), and human immunodeficiency virus (HIV) may escape detect.on 
inlod products during testing due to low levels of virus or viral anttbodte. In 
addition to the viral hazard, there are currently no .icensed tests to screen for the 

also exists that a hitherto unknown pathogen may become prevalent m the blood 
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supply and presentatoeatofdisease—sion.asin fact occu^ea before the 
v „f the risk of HIV transmission via blood transfustons. 

Safety Workers" Morbidity and Mortality Weekly Report, vol. 38, no. 6 un 

bioiogi ":u:en^ 

p tent No 5 637 451 describes a method for inactivating viruses m a red bloo 
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compounds generate electees ft, sU, LoGrippo e, al. evaluated the use of 
compouna g f viral inact ivation. LoGnppo et al, 

5 U S P^el Nos. 5,691 132 and 5,559,250, the disclosures of which are incorporated 

(1 " 6) 'ldeall y ,addi,ionofthe pathogen inactivating compounds «v^e by 

side reactions can potentially compromise use of the btologtcal sample for 
"Z^eisaneed for methods to prevent unwanted electronic side 
reactions of pathogen inactivating compounds that interact with pathogens 

"vatehaLfulpathogens. There is a need for methods of n— ng 
pathogens inbiologica. materials while reducing undes.red s.de reactrons. 

nnn n-i <?<= T »" invention 
30 Methods are provided for quenching compounds comprising reactive groups 

in materials A variety of compounds may be quenched in materials, such as 
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ZL I situ a reactive group such as an electrophilic aziridine, az.ndm.um 
eP0Xide ,„ one embodiment, methods are provided for quenching side reactions of 

such as a tl phase system. For exampie, the quencher may be adm.ms.ered to a two 
Z ^ ysrmwhereinamembranesepara.es the first and second phases. In one 

L membrane bounded phase may be .he interior of a pathogen, un.ceilu.ar 
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i, ^hacterium In this embodiment, a pathogen inactivating 
organism, such as a bacterium, m in nre f e rably is kinetically or 

brologica. material is treated with a quencher compns n g a nud op g P 
Preferably, the pathogen inacttvattng compound km* y 

thermodynatnically capable of traversing the ^^n^ofo^ 

oftheelectrophilic^oup. The quencher F** ^ 
thermodyn^icallycapabieof — ^ 

quencher » permttted react ^ ^ ^ 
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reactions of the pathogen inactivating compound. The quencher thusna P 
su chas" andUoticotganismsanaHpidcoatedvituses. >np— , 
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such as an azmtaum .on. ExempUay p g ^^^^^^ 
quinacnnennstaW— ^ 

1 i nmnanediamine dihydrochlonde, and 5-|N,N ms(/ "uu 

• • mm A Preferably the quencher is added prior to or 

inactivating compound. FreteraDiy,inc 4 „ lin H Tn another preferred 

=^^^^«£-£- 

u 1 1 s 70 minutes or within about 10 minutes of addition of the pathogen 
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embodiment comprises a nucleic acid binding , » ^dimum ion. 

^reacting **-^J^CSSZr«^«- 

The material may compnse packed red .Wo celU. ^ 

— ^ mi r^z : r:raUe„— g 

■ k ,r,,uMto5mM A concentration of pathogen inactivating 
20 example, about 0.1 uM t o 5 mNL ^ fe „ )east 

compound may be provided which s suffic ^ 
about 3 to 6 logs of a pathogen in the material being tr 

is preferably a thiol group. The q uencher in a d — ^ ^ ^ ^ 

r=SE^^*~ ---- 

pat hogeii— ^-^r^Li^rs: 

Introlpamogenina— 
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In one preferred embodnnent, a method ■ P ovt rf 
fte pathogen in a c ti va ti n g co : po-^ 

pathogen, and herein red Wood cell ~ d wherein the 
treatment. In another preferred embod m a me* P^ 

BRTEFD]^^ 

^et.agraphshowtngnr^eredWoodeen scatter — 
^ glutathione and a pathogen inactivating compound. 

m ethods are provided for quenchmg P*»^» « embodiment , 
including biological materiais, such ^°°*^ Mcdm ^,^ 

red blood cells, that are treated wtth P°*°S— ' to ^unt to 

permitting pathogen inactivation to occur. 

De ' /i " i ' foM . • defined as any nucleic acid containing agent capable of causing 
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Table I 
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..^••useofa.nateria, „ compound is defined asin tt oduc,ionofthe 
treate d bi o,o g ica, materiaUs intended or use uction of a 

solutions, and solvents. Any materials m a 
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cultureS derived fto m a ™ ^~ efined as rendering pathogens in a Serial 

certain cu pathogens remain capable ot 

reproduction, ™««*^^*l a , Uha. concentration of that 
reproduction. The negative logarithm of 0. 1 is 1 , Altem a,ively, 

20 the compound ,s said to have log m 
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rrri— 

Moloney sarcoma vrrus, Smdtas vtrus, hum fe 
HIV-2), human T-ceU lymphotorophtc vuus-I (HTLV I , hep 

oJn H Anril 15 1997 ,he disclosures of which are incorporated herem. 
60/043,696, filed Apnl 15, 1997 th certain pathog ens. 

LoGrippo e, al, Proceedmgs of the S.xth ^ 225 . 230 . 
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wherein the anchor is covalently bonded, a ^ ^ 
covalently links the anchor and effector an 

certain conditions so that the anchor and effect^ „ g ^ ^ 

The anchor-frangible linker-effector n« 4 brings lh e 
specify .o nucleic aci^^ 

<»^i^»^f** , ^^ M ^ ,5, 1997andin 

U.S. Patent Appl.cat.on Senal No. 09/003,1 ^ & 

ofwhichareincorporatedhereinbyreference. Theeffectorc 

functionality. 
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^idones, benzidines, 1— > ^' ~ : 1 m « D), 

anthranrycin, mitomycins, «^ (< ^^ (Bld «v-i™, 
aimers, trimers and anaiogs thereof A — 

flourenones.fluorenodiamrnes^^ 

chlorpromazin e),phenoxazines, benzo— -^^^^ 
art,hraa.uinones,anth^^ 

pyr e»y— benzanth, -^JC^^U---- 

and their oxirane derivatives; c ; ns Hoechst 33258 and other Hoechst 

aflatoxins; . 

nucleic acids or analogs whtch tad by ^sequenc sp 

between the anchor and the sp oxyge ^ ^ 

th eth,oester is between the anchor ^ * &r ofthe thioester is between 
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forward and reverse thionoester, forward and reverse dithioic acid, sulfate, forward 

"Thioester" designates the C(=0)S group; "thionoester" designates the C(-S)0 

"dithL acid" designates the C(=S)S group. The frangtble hnker also 

Lrolysis of the functional group, the resulting aeidic function ,s covalently hnked 
link ed to the effector moiety. The reverse orientation „ that or— of the 

thiol function is covalently linked to the anchor mo.ety. 

or bisZlethylamine groups, and mono tosylethylsu.fide groups. Formaldehyde 
or bis tosyletnyiamine s formaldehyde in aqueous 

asSSSSSSssSSKr 

of formaldehyde synthons are given in U.S. Pat. No. 4,^ /, 
treated, and the inactivating compound used. 



25 or 
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for quenching undesired side reactions of pathogen inactivating compounds that 
inactivate pathogens in biological materials, wherein the pathogen .nacttvattng 
compo unds either contain or are capable of forming electrophthc groups wh ch 
Zage the nucleic acid of pathogen, The quencher reduces unwanted reasons of 
the pathogen inactivating compound and of reaction products produced by tit 
pathogen novating compound. Preferred are quenchers that tnch.de nucle phfte 

Lpound. The quencher comprismg a nuc.eophilic group acts to trap reac tve 

» e quencher wrth the reactive electrophilic group. Reactive spec.es that may be 
"pedbymequencherincludethecompoundcomprisingane^ophtltcgroupas 

we 1 as species comprising a reactive electrophilic group formed therefrom. 

An advantage of the methods disclosed herein is that an effecttve amount of 
the quencher may be used such that unwanted side reactions of the P» 
inacLting compound are reduced, however, pathogen mact.vat.on by the pathogen 
0 mlXl^om oundcanstill occur. The quencher thus has a protecttve effect tn 

pathogen inactivation to occur. A variety of side reactions can be * i For 
example, in methods where materials containing blood products are treated, 
modfficationofredbloodce.lsmaybereduced.Forexample.theb.ndmgof 
25 rroterns.suchasIgO.and/orthebindingofthepathogeninactivatmgcompoundto 

red blood cells may be reduced. . 

inoneembodiment, abiologrcal material, such as a blood product ts treated 

which s capable of forming, an electrophilic group and the quencher, to a preferred 
30 embodime,Upatho g eninac,iva«^ 

forming, a reactive electrophilic group. The e.ectrophrhc group may be, for example, 
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eiectrophilic aziriainium or thiiranium .on, » m. . ^ a 

^emateria, P---;— iXnMne^isaaaeaprionoo, 
inactivating compound. In a prelerreu compo und. In one 

10 simuhan ^^-dita^P^-^^^fc 
P— ^ 

pathogen inactivatmg compound. In another p ^ 
add ed withtnaboutSOminutes.for exampl ^ W * „ of ^ pathoge „ 

ote groups thatreactwith^ec^ 

glutathione, <*^ N ^ te ^' lhaMf , g „ MESNA, homocysteine, 
mercaptoethanesulfontc ac,a and sa ts the e f ^ ^ 

30 containing compounds. Thequencners 
sodium or hydrochloride salt. 
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Other thiol containing compounds include methyl thioglycolate, thtolactrc 
acid thiophenoU-mercaptopyridine^-mercaptoJ-butanoU- 
mlpto enzothiazolcthiosahcyUcacid and th.octic acid. Exemplary aromt^o, 
compounds inc,ude2-merca^^ 

acid napthalenethiol, quinoline thiol, 4-ni.ro-thiophenol, and tmophenol. O her 

llts ot organoselenides such as selenocysteine, thiosu.fate, sulfite, sulfide, 
W phosphate, pyrophosphate, hydrosulftde, and dithionite. The quencher also «n 
n^cZ^c^.™^^ For example. hequencher 

^cysteine 
a trioeptide, such as glutathione. 

P Als;wi.hin,hesco P eof.he invention are macromolecular complexes whth 

include the nucleophilic group or a compound containing the nuc.eophthc group^ 
rotheremhodiment,thenucleophiHc group, such asathio, group, or compound 
including the nucleophilic group, is immobilized on a solid support, such as a 

be for example an agarose, polystyrene or other chromatography matenal. For 

ie,glu-one, or other compounds contaimng a nucleophdtc group such a a 
Z Jgr up, may be attached to epoxy activated agarose. For example glut uuone- 
20 a*os,isc— i^av^i^Sigp-^I^M^^,^ 

agarose viaalOcarbon spacer. 

S gma which is attached through the amino group to cyanogen brom.de actwated 4 /. 

25 other materials can be derivatized to include one, Wo, or more nucleophdic groups. 

nitrophenyl and Nhydroxysuccinimidyl chloroformate, thio pyndyl, 
polylylhydrazido, and oxirane acrylrc activated matrices. Other exemplary 
lomlgLphy materials including immobUized nucleophilic groups, such as hrols 

resin and Duolite C-467 which includes amino phosphomc group (Supelco, 
Bellefonte, PA). 
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transferase can also influence the — ° f * ^ For example , glutathi one 

reactionsofapathogen inactive »^ 
re d Wood ceUs. For example, the matena! may be a lood P» 
<■ u tin 85% The pathogen inactivating compound preteramyi 
ofabout 30-85/.. me pat mn w e of forming, an electrophihc group. 

treatmentofablood product, me^^ 

optionally, within about 10 mtnu.es of addtt o of the 8 
impound. Examplesofblood products ^^1^ 
P-ets.redb.oodcel— 
reduce the unwanted s.de reacttons of the react, P 
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ff0U p are descnbed, for examp.e, m US . N ^ 
compounds include quinacnne mustard These comp ^ 

reaction^mustardsroupon^e^^^^^^^^ 
-eicactdsofpatho^^^^^^ 

attack of the nucle.c actd on the electrophu ^ ^ 

compound is shown in Scheme I below. 
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Scheme I 

5 



Themustard group can bemei^ 
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formation of the aziridin^^^^^ 

u 9W reniaced the chlorine atoms of the mustard group. 

r^ps.TheW^pofg.uta.hione reacts faster with .he az.r,d,n,um 
intermediate than with the parent mustard compound. 

Tie quencher preferab,y substantially does not penetrate external pathogen 

— n^— 

r ilycrosspathogen membranes, such as vira, lipid coats and «1 
can tree.y V electroph ilic group, such as an az.ndin.um .on, .s 

12;, crossL nucleic acid; the quencher can, however, react w,th them. 
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Conversely if the e.ectrophilic cation forms inside the pathogen, in one embodiment, 

u oKcrtpria At least a portion of the pamogen 
25 inact,vat,ng P ^ substantially kmetically or 

^^^^^^^^^ 

^ n r ,„,v PRC Press Boca Raton, FL, 1997, Chapter 6. The 



-25- 



PATENT 
Cerus-4900.10 



10 



15 



20 



25 



30 



phosphatases, ^^^^^^ 

Uposomes also may be prepared usmg eat.omc *** m Qa0 ^ 

«^ of non-pathogenre cells such as leu » ^ 
Inoneembodiment.amethodtsprov^ 

membrane therein, and a second phase ' y nd uprising 

The biological material is treated wrth a pathogen ma« P 

contemporaneously, or after treatment 8Ioup « is 

biological material is treated »ith a quencher compn ng a p 
cap ab,eo f c„valen„y reacting * 
is added prior to or contemporaneously ™* the^ g ^ ^ _ 

— — - 

-n:: 

quencher. The pathogen inacfvatmg compoun £op« y 
Lticallydoes not traverse the membrane a ft «f—O fthe 

relative to the pathogen ■"'^.'^^^ *«*<* 
eiectrophilic group of the pathogen macttvatmg^ »mpo & 
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membrane, thereby to inactivate the pathogen. The membrane, may comprise for 
example, a lipid. The pathogen may be, for example, a virus compnsmg a U P'^ oat 

Hpid coat. The pathogen also may be a bacteria compnsmg a cell "embrane 
Iprisingalipiddefming the membrane of the two phase system, wherem the 
second phase is defined by the interior of the cell membrane. 

Advantageously, in the two phase system, the quencher ,s admuus red to the 
first phase and substantially is not capable of traversing the membrane ofthe 
pathogen. The pathogen inactivating compound is admmtstered, for example, to the 
L. pL. The pathogen inactivating compound is capable of traversmg the 

Itantially is no longer capable of traversing the membrane. Thus ouenchmg 

pathogen the pathogen inactivating compound reacts with nucleic acds of he 
t en withL inching. Thus, in a biological material, such - 
quenching of reactive groups on the pathogen inactivatmg compound and degradatton 
plducts hereof occurs selectively in the first phase in which the pathogen ,s 
Tractive group on the parogen inactivating compound in the first phase, such 

compound and the quencher are administered in an effect™ amount to macfvate 

unwanted side reactions in materials such as a blood product, wh„e perm.tt.ng 
pathogen inactivation to occur. 

Glutathione has many properties that make it particularly useful as a 

30 of bacteria and lipid-enve.oped viruses. At pH 7, glutath.one ,s charged and m the 
"consistent with viral inactivation ofVSV and other enveloped vrrusesbemg 
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substantiallyuneffectedbyglu^ 

as HIV and VSV is not effected by the presence of glutathione or N-acetylcysteine, 
two thio! quenching agents. Glutathione has little effect on vira! inactivate, and 
while it has some effect on inactivate of Staphylococcus epidermis W i Yers.ma 
enterocolitis can be managed by minimizing the dose of added quencher. F. 
example, the presence of about 2-4 mM glutathione reduces inactivate by 0.3 mM 
PIC-1 of Yersinia enterocolitica by about 1 to 2 log kill. Glutathione >s also 
compatible with in vitro storage of red blood cells. 

Preferred are quenchers which substantially do not damage red blood cell 
function or modify red blood cells after treatment, and also — rally do not 
reduce pathogen inactivate by the pathogen inactivating compound. The lack ofa 

substantially damaging effect on red blood cell function may be -asuredby 
methods known in the art for testing red blood cell foncte. For example ft le « s 
of indicators such as intracellular ATP (adenosine ^-triphosphate), mtracellular 2,3- 
DPG (2 3-diphosphoglycerol) or extracellular potassium may be measured, and 
compared to an untreated control. Additionally hemolysis, pH, hematocnt, 
hemoglobin, osmotic fragility, glucose consumption and lactate products may be 

"Methods for determining ATP, 2,3-DPG, glucose, hemoglobin, hemolysis, 

32-525-528 (1992), the disclosure of which is incorporated herem. Methods for 
d^ermining red blood cell function are also described in Greenwalt et al Vox Sang, 
58-94-99 (1990); Hogman e, al., Vox Sang, 65:271-278 (1993); and Beutler e a,., 
mood Vol. 59 (1982) the disclosures of which are incorporated herein by reference. 
Extracellular potassium levels may be measured using a Ciba Coming Model 614 
KWAnalyzer ( CibaCorningDiagnos.icsCorp.,Medford,MA).The P Hcanbe 

measured using a Ciba Corning Model 238 Blood Gas Analyzer (Ciba Commg 
Diagnostics Corp., Medford, MA). 

In the method of treatment of red blood cells with a pathogen inactivating 
30 compound including a nucleic acid binding ligand and a mustard group in the 
pres nee of the quencher, such as glutathione, preferably, in one embodiment, the 
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t !che aL prefer are quenchers which inhibit the bind.ng of pathogen 

tZoi treatment of red blood cells with apathogen inactwatmg compound 
senceofaquencheUgGbrndingtoredbloodcellscanbereducedm 

example to acridine and IgG. Antibodies for use in assays can be obtamed 

Harbor Laboratory," 1988, the disclosure of whtch rs tncorpor ted he em For 
example anti-lgG is commercially available from Caltag, Burlmgame, CA Srgma 
"''ice St Louis MO and Lampire Biological Laboratory, Pipersvelle, PA. 

com P old,orfra g me q ntsthere„f,toredb,oodcel,,lntheembod,mentwherema 
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• • a Wood cells is treated with a pathogen inactivating 
biological material contammgredbloo e^ 

comp0 und include an effector such^^ 

group, such as an acridine group, binding of the prfhog rf ^ 

LgLnts thereof, redblood cells ^^^Z^^^ 
derived fronrapa^^ 
Ugandisacrid^toredbloodcelscanb^ 

absence of the quencher. „, nrovi ded which decrease the concentration 

to „„e embodiment, quenchers are P™«* inactivatio n, for example by 

spectroscopy). n ,ienchers that reduce the inactivation 

Also preferred in one embodrmen, are quenchers t ^ t ^ 

ofapaftogenbymepamogeninac,^ 

another embodiment no greater man logs P ^ < ^ 

inactivation conducted in the absence of h e qu n* r ^ by n0 

^ater than about 1 log, or nog— ^^c^^ 
about 3 logs, in eomparrson to a control paft g ^ 

In 0 nc preferred embodrment, a method ts p ov.d rf 
the pathogen inactivating compound and the quenc 
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u ■ .blood cell action is not substantially altered by the 
pathogen, and wherein red blood cell ™* me thod is provided wherein the 

5S5SKSSM- — — 

after treatment. significant difference 

Red blood cells treated with git— d n*sho ^ ^ 

measured by ,* vivo or m vtfro functional assays ^ may 

cell lysis inthepresenceofpathogen — 

MESNA and N-acetylcysteine are e.ther less actrve or may » ty 
concentrations effective for quenchmg. , 

„„ the selected material, the ^ ncte f *'"^ctLting compound and a 

qu encher, for example in vitro or v,vo Condm n 
amogeninactivationwh^ 

inactivating compound including enable of forming a reactive 

wanted side reactions of the ^^T^J, ma y be added to the 
bloodproductbefore.after^^ 

compound. Preferably, ' h ^f^^^ 
30 pathogeninactivatmgcompound. In»o*-P (5 tQ 2fl minutes or optionally within 
added within about 30 minutes, or wtthm about 
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about 10 minutes, before or after addition of the pathogen inactivating compound. 
Red blood cell containing materials may be treated, for example, in vitro or ex vivo. 

The concentration of the pathogen inactivating compound and the quenchmg 
agent in the blood product being treated may be adjusted as needed to produced 

desired reduction of unwanted side reactions, while still protecting the property o the 
material, such as red blood cell function, and also achieving the desned log loll of 

pathogens. . . , 

The concentration of the quencher may be, in one non-hmmng example, 
about 0.1 mM to about 30 mM, or about 0.5 mM to 30 mM. A non-limiting example 
of conditions suitable for treatment of red blood cells is about 0.1 mM to about 30 
mM glutathione, ,g. , about 0.5 mM to 20 mM, or about 2 mM to 4 mM giutauuone, 
or in one embodiment, about 1 mM to 3 mM. 

The molar ratio of quenchenpathogen inactivating compound, m one non- 
Hmiting embodiment, may range from about 100:1 to 1:1, for example about 50:1, or, 
for example, about 10:1. A non-limiting exemplary ratio of glutathione pathogen 

from about 100:1 to 1:1, for example about 50:1 to 1:1, or in another embodiment, 
about 10:1 toabout2:l. In one preferred embodiment, the molar ratto of 
g,utamione:pa,hoge„ inactivating compound is about 10:1. For example, ,„ the 
Latment of a composition comprising red blood cells, the molar concentration of 
glutathione is preferably about 5 to 20 times, about 10 times the molar 
concentration of the pathogen inactivating compound. The ratio of quencher to 
pathogen inactivating compound will vary depending upon the pathogen inactivating 
compound and quencher selected. 

Typical concentrations of pathogen inactivating compound mcludtng a nucleic 
acid binding ligand and an effector such as a mustard group are on the order of about 
0 1 uM to 5 mM, for example about 50 to 500 uM. For example, a concentration of 
pathogen inactivating compound may be used which is sufficient to inactivate at least 
about one log, for example, at least about 3 to 6 logs, or optionally a. least about 5 or 
6 logs of pathogen in the sample. In one embodiment, preferred pathogen 
inactivating compounds are those that produce at leas, 1 log at a concen ra « of 
no greater than about 500 uM, more preferably at least 3 logs kill at no greater than 
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compound may have at least 1 log kill, and preferably a, .east 6 logs tall at a 
oZltion of about 0., uM to about 3 mM. For example, a —ratten of about 

greater than 2 logs of VSV and HIV in a red blood cell containing composition, while 

nreserving red blood cell function. 

' Inonepreferredembodiment.amethodisprovided.wheremthemetho 

comnrises treatL ared blood cell containing material with an effecUve amount of 
composes treating inactivate at least 2 logs of a 

the pathogen inactivating compound and the quencher to in 

pathogen and wherein red blood cell function is no, substantial yalteed by he 
«lc„ in another preferred embodiment, a method is provided wherein the 

—glompoundandthequen^^^^^^ 

and wherein hemolysis of the red blood cells is less than 3% after 28 days storcg 
incubation of blood products with the pathogen inactivating compound and 
the quencher can be conducted for example, for at least about 0.5 to 48 hours or 

" ample, at 1 Jt about 8 to 20 hours. In another embodiment, the incubation 
continues until further processing or use of the material. 
COntmU ;e quencher Ly be added to the material, such 

contemporaneously with, or after the pathogen inactivating compound. Preferably, 
TZris ad ed prior to or contemporaneously with the pathogen inactivafn 
Impound Inanothe, Referred embodiment, the quencher is added within about 30 
ZZlor within aboutl5to 20 minutes before or after addition of the pathogen 

re act over time. For example, when the quencher is a thiol containing compound, the 
L material at atime and concentration such that the quencher can quench the 

where the glutathione is added prior to the pathogen inactivating compound, the 
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added contemporaneously wtth th pa* g j 5 tQ 2Q minutes , 

embodiment, the glutathione rs added 3 m 

ex ample in some biological materials, -^eondue.ed at a temperature of 
Po.redbloodeells . e.ncu ^ ^ example , when tbe q uencher 

about 2°C to 37°C, preferably about 18 C to 25 u 

is g ,„tathione, red blood cells may ^ h ^^ J o{ ab ou. 22°C. For 

p,atelets, the temperature is preferably abou. 20 to 
15 ma y be about 0 to 60°C, typically about 0-24 C. 

Biological Materials pathogen inactivating 

compound and a quenching compound. B.ologtcal m ^ 
wit hthe quenching compounds ^f'^™ products further 
red blood cells, platelets and fresh or ^ (F Lor VIII), Factor IX and 

— — — ots 8 A1 soeontemp, a ted»es,theticblood 
^erbiologi— ^ 



20 



25 
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for example by adsorption in a batch or flow removal process. Methods and devices 
which may be used are described in PCT US96/09846; U.S. Pat. Appl. Senal No. 
08/779 830 filed January 6, 1997; and in the co-filed application, U.S. Pat. Appl. 
Serial No. 09/003,1 13, filed January 6, 1998, the disclosures of each of which are 
incorporated herein by reference in their entirety. 

The invention will be further understood by reference to the following non- 
limiting examples. 
Materials 

The following materials were used in the following Examples. 
While it is commercially available from Baxter Healthcare Corp., Deerfield, 
IL Adsol used in this and the following experiments was made by sterile filtering the 
following mixture: 22 g glucose, 9 g NaCl, 7.5 g mannitol, and 0.27 g adenine in 1 
liter of distilled water. 

Erythrosol was obtained from Baxter Healthcare Corp., Deerfield, IL, or was 
made by combining sodium citrate dihydrate (7.82 g); sodium acid phosphate 
dihydrate (0.73 g); sodium phosphate dihydrate (3.03 g); adenine (0.22 g); mannitol 
(7 74 g)- and glucose (9 g) in 1 liter of distilled water. 

Quinacrine mustard was obtained from Aldrich Chemical Co., St. Louis, MO. 
Glutathione and cysteine were obtained from Sigma, St. Louis, MO. PIC-1 (fJ- 
alanine, N-(acridin-9-yl), 2-[bis(2-chloroethyl)amino]ethyl ester) was synthesized as 
described in U.S. Provisional Application Serial No. 60/043,696, filed April 15 997, 
the disclosure of which is incorporated herein. PIC-2 (^-alanine, N-(acridin-9-yl), 2- 
[bis(2-chloroethyl)amino]ethyl amide) was synthesized as described in U.S. Pat. 
25 Appl. Serial No. 09/003,1 15, filed January 6, 1998, the disclosure of which is 
incorporated herein. 

Vesicular stomatitis virus (VSV) was obtained from ATCC American Type 
Cell Culture, Rockville, MD (titer 8.8 log units). 

Whole blood was obtained from the Sacramento Blood Center (Sacramento 

30 CA) 

Packed red blood cells (PRBCs) were obtained from the Sacramento Blood 
Center, with a hematocrit (HCT) of about 55-65%, or were prepared using Adsol or 
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rrsr^s — - 

- »• »- — ri". — ~ » 

depending on the treatment. 

EXAMPLES 

ExaI n P .e l: Reaction of Phosphate Ion with Pathogen Inactivating 

"letivi^ 

d e m on^r R eacU™ S fo U nato— fot highe, P H va.es, at 

+ ,^ (mt\ a large increase ot the rate oi 

^^^-^--^-- rf,, " dh,, •■ ,d,l " 

pHosphateesterofthec^^^ 

SST-S plcUonofthefinaip^ctHsphosphoestetanabytheionget 

30 lifetime of the intermediate species. 
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at P H=7 8 New product species were observed by HPLC, 

inactivating compounds was studied. Reactivity w 
Uues^hertem^ 

^ethanesu! fon.ac.d, ^J^^^HBFBS.pHT^ 

(OSH). Additional 100 uM PIC ^ ^ ^ ^ 

mM GSH at room temperature. The reactions « respectively. The 

i , „ tl /2 of 50 m mutes and 32 minutes, rcsyo-u i 
dutatliione occurred with atl/z oi ™ analysis of the 

25 fti0e ™lls W ere f oundtoreactwithP,C.Unc,ud^ 
cysteine, homocysteine, the dipcptide G.yCys, aminoethane thtol 

Lethyiaminoe^ 
mercaptobeivzimidaz ole^^^ 
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observed through the EUman reaction. Quinacrine mustard also was found ,„ react 

Example 3: Study of Red Blood Ce.l Membrane Penetration of 

^^rabi^ofgiutathione to penetrate red Mood ceil membranes was studied, 

both compartments stays constant. 

TABLE 2 

I r<*H I Absorption I GSH 
Absorption! GbH I 412 £ m I Concentration 
Time I 412 nm I Concenfration I 412 nm ^ 

( min > I _ . I Tn I Snpcrnatant I Supernatant 
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EMn ,pU4:I n act i vat i o»ofVe si cu,a r S«o m a,m S Vin, SW i.hQuinac rin e 

IT H (reBCs) obtained from the Sacramento Blood Center, 
^ioneandN-acety^e^^^ 

Chemical Co. (St. Louts, MO). Alter 57:321-338 
viable virus was assayed in a viral plaque assay (Markus et al., Virology, _ 

(,974) \able3shows.heresultsofinac, i vationofVSVbyl50uMQMin.he 
appeared to decrease VSV inactivation. 

Table 3 
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glutathione 














3 

10 


3.5 
3.4 




OM + NAC 


1 


3.6 
3.8 




3 

10 


3.8 I 



Example 5- motivation of Vesicular Stomatitis Virus with Quinacrine 
Mustard Added Simultaneously with Various Quenchers. 

■ ■ , „™v»md were studied. Vesicular stomatitis virus (VSV) was diluted 

between 3 and 30 mM. The quenchers were am.noethaneth.ol (AET), thiosultat 
odium salt (MESNA), obtained from Aldrieh Chemical Co. (St. 
(Baxt * ai, Virology, 22:383-392 (1976)) by evaluating the cytopathic effect (CPE) 
of the virus on baby hamster kidney (BHK) cells. fv <. v v™ 
Table 4 illustrates the results of experiments where ,nact.vat,on of VSV by 
,50 uM QM was conducted with simultaneous addition of AET, th.osulfat , 

up to 10 mM, with some evidence of inhibition at 30 mM. 
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Table 4 




Table 5 iUus.ra.es the resul.s of anote se. of experiments where inae.iva.ion 

cy ,ei„eorMBS NA . — ^^^^^--d--. 

affected by glutathione even a. 30 mM. Cysteine 

in viral inactivate, and MESNA gave rmxed results wrth 2.3 logs toll 

quencher. 
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Table 5 




MeSanac.ivation.fHIVusingaPa.hog.nlnac.iva.oranda 

QUe,,C t; effects of glutathione on —on of HIV by a pathogen inactivate : in 
The effects ot g epared at a hematocrit of approxnnately 60/. 

PRBCs was exammed. PRBCs were pr p ^ 

224:497 (1984), approximately 8 logs/mi^ 

^Caii^ofHWcon— ^ 
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Clin. Microbial™ (1990)). Control samples were incubated with glutathione 
only to determine its effect on HIV viability. 

The results of inactivation of HIV by PIC-1 and glutathione are shown in 
Table 6 The data in Table 6 demonstrate that inactivation of cell-free HIV was not 
inhibited by glutathione. There was some loss in HIV infectivity, approximately 0^2 
logs due to the incubation at room temperature for 12 hours (sample 1 vs. sample 3). 
30 mM glutathione alone appeared to reduce the infectivity by another 0.3 to 0.6 logs 
(samples 2 and 4 compared to samples 1 and 3). With 50 uM PIC-1 only, 
inactivation was about 1 .8 logs; 50 uM PIC-1 plus 30 mM glutathione inactivated 
about 2 4 logs. The apparent increase in inactivation can be accounted for entirely by 
the effect of glutathione itself. Over the range of 0.1 mM to 30 mM glutathione 
there was a small increase in HIV inactivation which was consistent with the effects 
of glutathione only on HIV. 

Table 6 



15 



Sample # 



PIC-1 (uM) I GSH(mM) "ff Titer I Log Kill 



Incubation Controls (samples 1 and 2 = no incubation; 3 and 4 - 12 hour 



incubation) 
1 


none 


none 


7.2 




2 


none 


30 


6.9 


0.3 


3 


none 


none 


7.0 




4 


none 


30 


6.4 


0.6 


PIC-1 Treated 


c^ mr i^ ( 1 ? hour Incubation) 




5 


50 


0 


5.2 


1.8 


6 


50 


0.1 


5.2 


1.8 


7 


50 


0.3 


5.2 


1.8 


8 


50 


1.0 


5.0 


2.0 


9 


50 


3.0 


5.0 


2.0 


10 


50 


10 


4.7 


2.3 


11 


50 


30 


4.6 


2.4 
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Exam p.e 7: Treat-nen. of BaCenaHy Contaminated RBC with an 

»• • ■ ™a Unnd cell sample was examined. I'Krjts were 
Yersinia enterocohtica in a red blood ceil samp t „ fHw ,i t h 

Services, Microbial Disease Laboratory, Berkeley, LA), 

thl 50uMPICl Neiteglu«a.hio„enorcysteinea 1 oneataconce„«rat 1 o„ofl6 
with 150 p-Mfi^ i- ^ C1U1 & . , ., m There was, however, a 

inhibited by 4 to 4.5 logs with 16 mM quencher (samples and 16), 
was less than 1 log with 2 mM quencher (samples 6 and 13). 



20 
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Table 7 





Log Titer 


LoeKill 


er 


7.4 






2.3 


5.1 




EMm p,e 8: Use of G.u«a«hione as a Quencher in .he Inae«iva.io„ o, 

CA)in ared Hooded! samplevvasexammed. PRBQ£« P P 
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PIC -: and varying — of GSH. «^c— — ^ S 
epidermidis apparently was less sensiuve 6 
Table 8 




10 



Ataco „ce„ tra t i onofno4 m M, the ^chersd—sh bacteria. k mo„ ly 
m0 des.ly and 3 logs or greater of baeteria can be inactrvated. 

c a fh.Fffects of Quenchers on Reducing Undesired 

inactivatrngcornpoundbind^ 

liga „d and a reactive group such as a mustard group, such 
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f «f rp(\ cells The amount of IgG is 
level , covalent binding of I g G .0 the surface of ^ ^ 

generally below levels required to create . ostttv result ^ rf 

and resuspended in a final volume of 0.4 mL. ^ 
Anti-acridme antibodies were prepared as described «. H 

„i r^MSnrine Harbor Laboratory, iy»5,tne 
-Antibodies, a Laboratory Manual, Cold Spnng H ^ 
disclosure of which is incorporated herem. Goat an .-mouse IgG 
.^antibodies ~ — ^££^1^^^ 

acridine antibodies for 30 mm at 37 C. After 

Table 9 illustrates the results showmg th , eff ot g 
IgG, aibunrin and acridinebindingto red cells.— ^ „ cubation 
clear increase in IgG, albumin and acrtdme stgnals (samples and 
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the untreated sample (samples 3 and 10, respectively; 

albumin and acndine binding. Bom igvi *u A Qm iiT\ Acridine 

With 4 mM glutathione, the acridine signal decreased v f 

due to the lower concentration of PIC-1. 



-48- 



PATENT 
Cerus^WOO.lO 



Table 9 









F AC Scan Fluorescen 
fluorescence ur 


ce Mean 1 
its 


Sample 


PIC-1 
(mM) 


Quencher 
(mM) 


IgG 


Albumin 


Acridine 


Positive ai 


id Negative Co 


ntrols 






1 


none 


none 


3.1 


5.0 


4.2 




1.0 


none 


14.8 


13.2 


3184 1 








3 


none 


16 


3.1 


4.4 


4.3 


4 


1.0 


0.5 


9.8 


8.6 


2095 


5 


1.0 


1 


5.2 


5.8 


898 


6 


1.0 


2 


3.0 


5.0 


169 


7 


1.0 


4 


3.4 


4.5 


60 


8 


1.0 


8 


4.1 


4.7 


25 


9 


1.0 


16 


4.5 


4.0 


18 


Cysteine 


Samples 








10 


none 


16 


3.6 


3.5 


4.1 


11 


1.0 


0.5 


6.6 


7.0 


1386 


12 


1.0 


1 


5.3 


5.1 


462 


13 


1.0 


2 


3.8 


4.2 


180 




1.0 


4 


6.0 


4.0 


38 


14 
15 


1.0 


8 


3.6 


4.0 


19 


16 


1.0 


16 


3.6 


3.3 


12 



Eu.pl. 10: Study of the Effects of Glutathione on Properties of PIC-1 
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blood were pooled, mixed and then redistributed into four blood bags to create 
identical 500 mL units. PRBCs were prepared using Adsol as the additive solution. 
Within 20 hours of receipt, units of whole blood received from the Sacramento Blood 
Bank are centrifuged at 3800 rpm for 5 minutes and the plasma is expressed mto 
another container. The % hematocrit is measured by fuling a capUlary tube w,th the 
blood sample and spinning for 5 minutes. The volume taken up by the red cells » 
compared to a calibration curve. 94 mL of Adsol is added. Final hematocrit ranged 
from 50 to 53 percent depending on the treatment. 

In each experiment, four conditions were examined: (1) Control, no PIC-1 
and no glutathione; (2) 3 mM glutathione only; (3) 0.3 mM PJC-1 only; and (4) 0.3 
mM PIC-1 plus 3 mM glutathione. All units including the control were mcubated a, 
20»C for 14 hours. The PRBCs were then transferred to 4°C storage for the duration. 
Samples were taken immediately following treatment and on about a weekly basrs 
thereafter for analysis. Results for 2,3-DPG, ATP and hemolysis are summanzed in 
Tables 10 and 11 . These data demonstrate no significant difference between any of 
the treatments compared to control. Measurements of extracellular potassium, 
intracellular glutathione, osmotic fragility, glucose consumption and lactate 
production also confirmed that glutathione, either alone or with PIC-1, does no. 
significantly alter red cell in vitro properties. 

Extracellular potassium levels were measured using a Ciba Cormng Model 
614 KVN. + Analyzer (Ciba Coming Diagnostics Corp., Medford, MA). Hemolysts 
was measured as described in Hogman et al., Transfixion 31:26-29 (1991). 
Intracellular glutathione was measured as described in Beutler, "Red Cell 
Metabolism," Grune and Stratton, 3rd ed„ 1984. 2,3-DPG and ATP were measured 
using Sigma procedures No. 665 and 366, respectively (Sigma, St. Lours, MO) 
Glucose consumption and lactate production were measured using Sigma procedure 
Nos 115 and 735, respectively (Sigma, St. Louis, MO). Osmotic fragility was 
measured as described in Beutler et al, Blood, Vol. 59 (1982). 
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Table 11 




*n.d. = not done 

Exampfc 11: Study of Recovery and Survival of Mouse RBCs treated 

GS "e effect of 0.6 mM P1C-2 with and without 6.0 mM GSH on the in *» 

u TrTcs were labded and then treated with PIC-2, PIC-2 + glu.ath.one, or 

of these celis was followed over 36 days by flow cytometry. No drfferen« was 

nnWcontrols The data demonstrate that glutathione in the treatment rs compaub 

Donor mice (BALB/c ma.es) were injected wrth 0.1 mg NHS ^ 
hydroxysuecinimide) Biotin (Pierce, Rodcford, IL) on Days 1 and 2. A. one 
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, Allmic e having > 90% labeled RBCs were used as donor mice. 

at room temperature (RT) ± 0.6 mM PIC 
10 T rto'taUumber of RBCs was determined by doing a CBC (Comp.ete 

^ percent survival of me labeled RBC was determined a 1 to andd y 
filled RBCs at one hour for all mice was 105.8 ± 17.5 /o. 

z:r^;^--™'--'»»»- ,, " ii " ,a *~-' 

the in vfvo circulation of red blood cells after treatment. 
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